The lipolytic activity of human milk was assayed using whole fresh milk a s source of both enzyme and substrate. Bile salts and specifically glycine rather than taurine conjugates were essential for activity; a concentration of 2 mM being optimal. The lipid concentration and lipolytic activity increased significantly ( P < 0.01 and < 0.02 respectively) during the course of a feed. The lipid concentration and lipolytic activity were compared in immature and mature milks (less and greater than 15 days postpartum respectively). The lipolytic activity remained constant whereas the lipid concentration was significantly greater in the mature than the immature milks ( P < 0.001). In none of the milks was the substrate concentration limiting. The % hydrolysis of ingested triglyceride in the immature and mature milks was calculated to be approximately 40 and 20% respectively in 2 h, which is the estimated transit time from the duodenum to ileum. The major lipolytic products were free fatty acids and in general the enzyme showed little specificity for different fatty acids of triglyceride.
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Speculation
The characteristics of the bile salt stimulated lipase activity of human milk suggest that it is involved in the digestion of milk fat in the small intestine of the infant and that it complements rather than duplicates pancreatic lipase activity. The activity maintained throughout lactation suggests that this lipase plays an important nutritional role in the newborn.
Marfan (26) first described the presence of a lipase in human milk in 1901. Freudenberg (9) subsequently showed that the lipolytic activity was stimulated by bile-salts and, more recently, several groups have confirmed the presence of an active lipolytic system in human milk (3, 14, 20, 22, 24) .
At least two different lipases (glycerol ester hydrolases) have been described in human milk. First, a lipase is present in the milk of many species which requires added serum for activity and has similar properties to lipoprotein lipase (21) . It appears that the function of this enzyme is to facilitate the uptake by the mammary gland of fatty acids from circulating triglycerides for incorporation into milk lipids. Its presence in milk probably represents "leakage" from the mammary gland and it is unlikely to play a physiologic role in the lipolysis of milk triglycerides. The second lipolytic activity is stimulated by bile salts and has been found only in the milk of the human and gorilla (10, 20) . It appears to represent a true mammary gland secretion and hydrolyses both long chain triglycerides and vitamin A esters (8) under the conditions found in the small intestine.
Almost half of the total calories contained in human breast milk are present as lipid and are consumed at a time when pancreatic lipase activity and bile salt pool size are reduced compared to adults (30, 33) . Yet the newborn is still able to absorb approximately 90% of its dietary lipid (31) . It has, therefore, been suggested that the newborn may be more dependent than the adult on other lipolytic systems such as lingual, gastric, mucosal and the bile salt stimulated milk lipase (15) .
In this study we report some observations on the bile salt stimulated milk lipase using fresh human breast milk as a source of both enzyme and substrate. This approach approximates more closely the in vivo conditions than the more conventional assavs which have used either skimmed milk or a purified preparation Af the lipase as the enzyme source with an artificial triglyceride emulsion as the substrate.
MATERIALS AND METHODS

Subjects.
Forty-five samples of human milk were collected from fourteen women from the fourth day to the 71st wk postpartum. One woman provided 25 samples over this period. The milk was collected by a hand operated breast pump between 7 and 10 a.m., when, unless otherwise stated, the baby had stopped feeding at the breast. It was kept at room temperature for 2-4 h and assayed on the day of collection. All the infants studied were fully breastfed.
Assay of lipolytic activity. Lipolytic activity was routinely assayed in the following manner. Human milk was diluted 2.5-fold with 0.25 M glycine/NaOH buffer (pH 8.5) containing mercaptoethano1 (0.02%), crystamycin (Glaxo Laboratories Limited; 16 pg penicillin/ml), and 2 mM sodium glycocholate (Sigma Chemical Company Limited) and incubated at 37OC with continuous shaking. The-addition of mercaptoethanol and crystamycin did not interfere with enzymatic activity. Duplicate 0.5 ml aliquots were withdrawn immediately and at fixed times and added to 10 p1 of 20% sulphuric acid. The free fatty acids were extracted three times with 10 ml petroleum ether (40-60°C) saturated with 87% ethanol (I 1) and containing 2:6 di-tert-butyl-p-cresol (10 mg/liter) as an antioxidant. The upper phases containing the free fatty acids were combined and titrated against freshly prepared 0.01 M ethanolic NaOH with 1% phenolphthalein as indicator. The exact concentration of the ethanolic NaOH was determined on each occasion by titration against a standard solution of 0.01 M hydrochloric acid (volumetric solution supplied by BDH Chemicals Limited). The titration and extraction were validated by assaying 1-20 umole of heneicosanoic acid (C 21:O) obtained from Siama chemical Company Limited. ~i r e d t titration gave a quantitzive assay of the fatty acid. Extraction of 1-5 pmole fatty acid gave recoveries of 100%. Greater than 90% recoveries were obtained for 5-20 pmole amounts of fatty acid. The amount of free fatty a c d s produced with time gave an estimate of the lipolytic activity which was expressed as pmole fatty acid produced .ml-'. h-'. A blank containing boiled milk was included with each batch of analyses. The reaction rate was linear with time for up to 3 h and incubations were routinely continued for this period.
Kinetic studies. To produce a range of suitable substrate concentrations for the kinetic studies, milk lipid was separated from 20 ml milk by centrifuging at 2000 rpm at 4°C for 70 min. The infranatant (milk serum) was removed and kept on ice. The lipid (supernatant) was then diluted to 5 ml with deionised water and warmed to 37OC with gentle mixing to form an homogenous emulsion. Serial dilutions of this stock substrate were then prepared to give a range of lipid concentrations from approximately 3-2 10 g. liter-'. The assay was then performed as described above, using 0.3 ml of the substrate solutions, 1.0 ml of milk serum and 1.2 ml of the glycine buffer solution. The combined substrate and milk serum was considered to be equivalent to I ml whole milk and so the final substrate concentration in the assay corresponded to approximately 2-1 50% of the original lipid concentration. The lipid concentration of each substrate was estimated gravimetrically (i3) while the mixture was still warm.
Miscellaneous Assavs. The various lipid fractions of the milk were extracted (6) a i d separated by tiin layer chromatography using the solvent system petroleum ether (40-60°C), diethyl ether, @ac:al acetic acid; wate; (85, 15, 2.5, 1 v/v). The fractions were then quantified and the fatty acid composition determined by gas liquid chromatography (13) using margaric acid as internal standard (7). The pH, total protein and total lipid concentrations were estimated as described previously (13).
The results are expressed throughout as mean + 1 S.D. and the significance of difference between mean values was assessed by the paired and unpaired Student's r test as appropriate.
RESULTS pH AND TOTAL PROTEIN
Routine estimations of pH and total protein concentrations were made on all the milk samples. The mean pH for all milks was 7.23 + 0.26. There was a significant difference (P < 0.001) between the protein content of the 12 immature (34) milks (<I5 days) and the 29 more mature (34) milks (>I5 days); the mean concentrations being 18.6 + 3.7 and 12.8 f 2.6 g.liter-' respectively.
EFFECT OF BILE SALTS
The effect of adding increasing (0-20 mM) concentrations of sodium glycocholate on lipolytic activity is shown in Figure 1 . In the absence of sodium glycocholate there were only traces of activity but on addition of the bile salt, activity rose markedly reaching a plateau at a concentration of 2 mM, with only a further small increase in activity at concentrations of 10 and 20 mM. The addition of sodium taurocholate (supplied by Koch Light Laboratories Ltd. and shown to be >98% pure) over a similar concentration range did not increase lipolytic activity. Figure 2 shows the effect on a number of different milks of adding the bile salts at a concentration of 2 mM. In the absence of bile salts, the mean activity of l l milks from nine women was 0.93 + 1.06 pmole. to follow lipase activities during a feed. Figure 3 shows the lipid concentration and lipase activity of 5 mature milk samples collected from three women from the same breast both before and after nursing. The lipid concentration increased significantly ( P Figure 4 . There were no differences in lipase activity during lactation but the lipid concentrations tended to be lower in the immature compared to the mature milks. When the milks collected within the first 15 days of lactation were compared to those obtained later (Fig. 5 ) the mean lipase activities were similar (22.8 & 5.7 and 19.2 f 6.2 CLmole.ml-'. h-' respectively), whereas the lipid contents were significantly different (3 1.0 f 8.8 and 6 1.3 f 18.3 g-liter-'; P < 0.001). As a result, the % lipid hydrolysed in 2 h by the early milks was significantly greater ( P < 0.001) than the later milks 38.9 f 14.0 and 19.3 f 4.8% respectively).
KINETICS OF LIPASE ACTIVITY
The relationship of activity against increasing lipid concentration was determined on four separate occasions, using four different mature milks which had similar activities and which were collected at the end of a feed (Fig. 6) . The apparent K,, and V,,,, were found to be 5.35 g.liter-' and 19.65 pmole.ml-'. h-I.
PRODUCTS OF LIPOLYSIS
The % of the total fatty acids in each lipid fraction before and after 4 h of in vitro lipolysis is shown in Table I . The % fatty acid composition of these lipid fractions was also determined before and after lipolysis ( Table 2 ). The composition of the triglyceride fraction remained essentially unchanged after lipolysis and was similar to that previously reported (13) . The free fatty acid fraction prior to lipolysis contained the complete spectrum of fatty acids except for C 20:2&. Following lipolysis the % composition more closely resembled that of the triglyceride fraction. The specificity of the bile salt stimulated lipase for particular fatty acids of triglyceride was examined by comparing the % conversion of the fatty acids from the triglyceride to the free fatty acid fraction (last column of Table 2 ). Three fatty acids (C 20:lw9, 20:2w6 and 20: 5w3/22:lw9) seemed relatively resistant to lipolysis (0-16%) whereas the % conversion of the other fatty acids were essentially similar (32.9-50%). The fatty acid composition of the monoglyceride and diglyceride fractions before and after lipolysis differed markedly. In the mono-and diglyceride fractions of the fresh milk, there was no palmitic acid and, apart from some C 20:O in the diglyceride fraction, no fatty acid chain longer or more unsaturated than oleic acid. Following lipolysis, the monoglyceride fraction contained the full spectrum of fatty acids except for C 12: 0, 20:2w6 and 20:5w3/22: lw9. The latter fatty acid was, however, found in the diglyceride fraction which did not contain C 12:0, oleic acid or any fatty acid longer or more unsaturated than 20: 109. and that they also protected the enzyme against tryptic inactivation (unpublished observations). However, in contrast to Hernell et al. (18) , we found an apparent specificity of the enzyme for glycine conjugated bile salts. Thus sodium glycocholate, but not taurocholate, activated the enzyme with an optimum concentration of 2 mM which is within the physiologic range found in the small intestinal contents of the suckling infant (2, 5) . Naismith and Cashel (28) have recently reported that taurocholic acid is more effective than glycocholic acid in stimulating pancreatic lipase activity. If the apparent specificity of the two lipase activities for different bile salts is confirmed, it removes potential competition between the two enzymes for bile salts whose concentration is reduced in the newborn period. The fact that the addition of sodium taurocholate did not effect the stimulation of activity by glycocholate also supports this suggestion.
The lipolytic activities reported in this study are considerably lower (by a factor of approximately 70) than those reported by Hernell et al. (19) . This is most likely explained by the very different assay procedures used. In the conventional methods, the in vitro assay conditions are optimised to give maximal activities. The physical state of the substrate is also different in the two systems, as the fat globules of breast milk are surrounded by a membrane which is likely to constitute a physical barrier between the enzyme and its substrate. The physical state of the enzyme could also be altered during separation from its natural environment which is necessary for the conventional assays. In one study using a single milk, Hernell et al. did compare the activity obtained using both a heat inactivated milk and an artificial emulsion of triolein as substrate (18) . They found a greater activity (factor of 7) with the emulsion compared to the milk, which explains in part the reduced lipolytic activities found in this study. The observed activities do, however, agree with certain in vivo observations. Williamson et al. (32) , for example, carried out balance studies on premature infants and found that pasteurisation of breast milk reduced fat absorption by approximately 30%. This compares favourably with our finding of a mean hydrolysis of 38.9 + 14.0% of milk triglyceride in immature milk in 2 h, the estimated transit time between the duodenum and ileum (17) .
The changes in lipid content and lipase activities with time after parturition and during the course of a feed are interesting. The increase of lipid during lactation and a feed has been previously reported both by ourselves and by others (13, 23, 25) . The increase in lipase activity during a feed has not, as far as we are aware,
DISCUSSION
This study of the bile salt stimulated lipase activity in human milk differs from other similar studies in the choice of assay system. Fresh whole milk was used as the source of both enzyme and substrate as this more closely approximates the in vivo situation than the more conventional assays. Because of this different methodologic approach it was interesting to compare the results of the present study with the detailed investigations of others (8, 18, 20) .
We confirmed that bile salts were necessary for lipolytic activity been previously reported. The fact that it showed a similar (approximately 2-fold) increase to the lipid concentration suggests that they may be secreted in parallel. The hind milk, therefore, contains an increased concentration of lipid and lipolytic activity at a time when pancreatic lipase activity is reduced compared with that of the adult. The observation that lipase activities did not change throughout lactation is in agreement with previous reports that colostrum has a normal lipase activity (19, 21) . The fact that immature milks have a lower lipid concentration than mature milks suggests that lipid production and bile salt stimulated lipase secretion by the mammary gland develop at different rates. As the reduced lipid concentration of the immature milk is at least five times the apparent Km of the reaction, lipolysis will still proceed at maximum velocity. Thus the amount of lipolytic products available for absorption will be approximately the same from both immature and mature milks. The changes in lipid concentration following parturition could result from reported changes in lipoprotein lipase activity in both human milk and mammary gland tissue of animals. Very low levels of lipoprotein lipase activity have been found in colostrum (21) . Lower activities have been reported in milk obtained 4-5 days after parturition than in later samples (19) . This serum stimulated lipase activity in the mammary gland of the guinea pig (27, 29) , rat (16) and cow (1) has been shown to increase during lactation.
The major product of lipolysis was found to be free fatty acids which agrees with the observations of Hernell et al. (20) . Analysis of the fatty acid composition of the various lipid fractions showed that the enzyme had very little specificity for different fatty acids. The only exceptions were C 20:2w6 and C 20:5w3/22: lw9, which were noi hydrolysed, and 20:lw9 which seemed moderately resistant to hydrolysis. Thus, with these comparatively minor exceptions, all the fatty acids would be available for absorption as free fatty acids in proportions similar to that in the milk triglyceride.
In conclusion, the properties of the bile salt stimulated milk lipase are consistent with a role in the small intestine of the infant. Although the reported activities are reduced compared to those in the literature they can still account for approximately 40 and 20% of the fat absorbed by the breast fed baby during the first 15 days and thereafter respectively. Preliminary data also suggest that some of the characteristics of the milk lipase complement rather than duplicate those of pancreatic lipase, thus enriching the lipolytic system of the newborn.
